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ABSTRACT
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The bis-ProPhenol ligand was designed to facilitate formation of hetereodinuclear complexes based upon the large difference in p K, of the
one phenolic OH group to the tertiary OH groups. In exploring the first example of hydroxyacetophenones as donors in asymmetric Michael

reactions with nitroalkene acceptors, the best stereocontrol was observed with a zinc/magnesium dinuclear complex where enantiomeric
excesses ranged up to 92% for the major anti diastereomer.

The development of heterodinuclear complexes for catalysisand of the versatility of the adduct§.The juxtaposition of
remains a scantily developed afeRarticularly noteworthy  functionality created by the use afhydroxyacetophenones

is the work of Shibasaki using heteropolynuclear complexes as donors focused our efforts on them since they have not
for asymmetric catalysidOur design of the bis-ProPhenol previously been reported with this class of Michael acceptors
ligands (eq 1) was meant to enable formation of heterodi- to the best of our knowledgeHerein, we report the first
nuclear complexes by virtue of the large difference Ky p (5) For reviews, see: (a) Berner, O. M.; Livio, T.; Enders,Hur. J.

between the phenolic and tertiary alcohol hydroxy groups. org. Chem2002, 1877. (b) Barrett, A. G. M.; Graboski, G. Ghem. Rev.

We began our studies of the prospect of forming heterobi- 1986,86, 751. For some recent reports, see: (c) Pansare, S. V.; Pandya, K.
. . .. J. Am. Chem. So2006,128, 9624. (d) Luo, S.; Mi, X.; Zhang, L.; Liu, S;
metallic complexes for asymmetric catalysis in the context %, "y: cheng, J. PAngew. Chem., int. E®006,45, 3093. (e) Zhu, M.-
of asymmetric conjugate additiohgarticularly of nitroalk- K.; Cun, ;Z&:J'é Mi, gQ(f) JianSg, Y.-Z.; Gong, L.-Z.Tetrr?hedr%n:
; A ; Asymmetr , 17 491. Lu, S.-F.; Du, D.-M.; Xu, J.; Zhang, S.
enes because of the synthetic versatility of the nitro group Am. Cher. So0t2006. 128, 7418, (g) Cobb, A. J. A Shaw, D. M.:
Longbottom, D. A.; Gold, J. B.; Ley, S. \Org. Biomol. Chem2005, 3,

(1) vVan Den Beuken, E. K.; Feringa, B. Tetrahedrorl 998,54, 12985. 84. (h) Okino, T.; Hoashi, Y.; Furukawa, T.; Xu, X.; Takemoto,J Am.
(2) Shibasaki, M.; Kanai, M.; Matsunaga, &drichimica Acta2006, Chem. Soc2005,127, 119. (i) Wang, W.; Wang, J.; Li, Angew. Chem.,
39, 31. Int. Ed.,2005,44, 1369. (j) Hayashi, Y.; Gotoh, H.; Hayashi, T.; Shoji, M.
(3) () Trost, B. M.; Ito, H.J. Am. Chem. So000,122, 12003. (b) Angew. Chem., Int. EQ005,44, 4212. (k) McCooey, S. H.; Connon, S. J.
Trost, B.M.; Ito, H.; Silcoff, E.J. Am. Chem. So001,123, 3367. Angew. Chem., Int. Ed2005,44, 6367 and earlier references cited.
(4) (a) Perlmutter, RConjugate Addition Reactions in Organic Synthesis; (6) Hydroxyacetone as a donor has frequently given poor selectivities

Pergamon Press: Oxford, 1992. For recent reviews on the catalytic or requires large excesses and long reaction times. See: (a) Andrey, O;
asymmetric Michael reaction, see: (b) Krause, N.; Hoffman-Rdder, A. Alexakis, A.; Bernardinelli, GOrg. Lett.2003,5, 2559. (b) Betancourt,
Synthesi2001, 171. (c) Sibi, M.; Manyem, STetrahedror200Q 56, 8033. J.M.; Sakthrivel, K.; Thayumanavan, R.; Tanaka, F.; Barbas, C.F. Il
(d) Kanai, M.; Shibasaki, M. IrCatalytic Asymmetric Synthesis, 2nd ed.;  Synthesi2004, 1509. (c) Mitchell, C. E. T.; Cobb, A. J. A.; Ley, S. V.
Ojima, |, Ed.; Wiley: New York, 2000; p 569. (e) Tomioka, K.; Nagaoka, Synlett2005, 611. (d) Xu, Y.; Cordova, AChem. Commur2006, 460. (e)

Y. In Comprehensive Asymmetric Catalysis; Jacobsen, E. N., Pfaltz, A., Wang, J; Li, H.; Low, B.; Zu, L.; Guo, H.; Wang, WChem—Eur. J.2006
Yamamoto, H., Eds.; Springer: Berlin, 1999; Vol. 3, Chapter 31.1. 12, 4321.
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example wherein a heterodinuclear complex frbfanctions
as an asymmetric catalyst.

a)M;=My=2Zn

b) My =Zn My = M
CHa ) My 2= Mg

In a test reaction, 1.1 equiv of phenylnitroalkene and 1.0
equiv of a-hydroxyacetophenone (0.6 M in ketone) were
mixed with 5 mol % of the standard Z¥n catalyst (2a) in
the stated solvent at5 °C (eq 1).

spdvg

4
As summarized in Table 1, entries-4, in virtually every

NO»

10 mol % 2
4A MS

solvent +5°

solvent, the anti products showed high enantiomeric excesses
(ee’s), whereas the syn products were formed with poor ee’s.

magnesium rather than zinc gave a faster reaction with
somewhat better diastereomeric ratio (dr) but poorer ee (entry
5). The ligand design which consists of one phenolic OH
and two tertiary alcohols should allow installation of two
different metals because of the dramatic differenceKyg p

of these two types of OH. Since magnesium gave better dr's
than zinc and zinc gave better ee’s, we examined a mixed
metal Zn/Mg system (entries 6:0) wherein we add 1 equiv
each of diethylzinc and di-n-butylmagnesium per ligand
sequentially. The best results to date were indeed obtained
with this mixed system in a more polar toluene/hexanes/
acetonitrile solvent wherein the anti isomer was isolated in
67% yield and the dr determined by isolation of each pure
diastereomer.

Adopting entry 10 as the “standard” set of conditions,
because it was fastest and gave the best yield and selectivities
with a 5 mol % catalyst loading, we varied the donor by
using five-membered ring heterocycles (eq 2).

5 mol % 2a

CH ; 4
"/ entry 10
7 Table 1
ayX=0 yield 81%, dr 3.3:1, anti 89% ee
byX=8 yield 72%, dr 2.7:1, anti 77% ee

The best ee’s were observed in the least Lewis basic solvents.

Unfortunately, the diastereoselectivities were poor.

Table 1. Optimization of the Selectivities

time yield % ee

entry R, M« solvent? (h) (%)° anti:syn anti?
1 (02H5)2ZI]/(02H5)2Z11 PhCH3 44 89 1.3:1.0 99¢
2 (CgH5)2Zn/(CeH5)2Zn  CHoCl, 44 64 1.1:1.0 99
3 (CgHj5)9eZn/(CeHs)eZn THF 44 77 1.0:1.0 89
4 (C?Hj)2Zn/(CeHs)2Zn DME 44 98 1.0:14 90
5 (C4Hy):Mg/(C4sHg)oMg THF 18 91 1.6:1.0 32f
6 (CoH5)2Zn/(C4Hg)eMg THF 28 89 21:1.0 908
7 (CgHs)2Zn/(C4Hg):Mg PhCH; 42 63 1.4:1.0 82
8 (CgH5)2Zn/(C4Hy)oMg CHoCl, 32 71 2.3:1.0 91
9 (CqgH5)2Zn/(C4Hy):Mg DME 21 93 2510 91
10 (CoHj5)2Zn/(C4Hg)eMg CH3CN 14 96 2.4:1.0 89"
11 (CgHs)9Zn/(CH3)sAl  THF 18 83 1.0:1.0 81
12 (CHj3)3Al/(C4Hg)sMg THF 18 72 4

a|n each case, 2 equiv of total organometallic reagent per ligand was
employed? (C;Hs),Zn is 1.1 M in PhCH; (C4Hg)2Mg is 1.0 M in heptanes.
¢ Total of the isolated yields for pure anti and syn. The diastereomers were
isolated by column chromatography with the fast eluting diastereomer being
the syn isomer and the slow eluting isomer atiihe ee’s were determined
by chiral HPLC on a Chiracel OD columfAThe syn isomer had an ee of
18%.f The syn isomer had an ee of 9%The syn isomer had an ee of
23%." The syn isomer had an ee of 25%.

While we also examined some variation of the ligand with

no appreciable differences in the result, we considered an

alternative strategy involving change of metal. Use of

(7) In a different catalyst system, requirements for an ortho methoxy

group in the hydroxyacetophenone have been reported for Michael additions

to other acceptors for good enantioselectivities. See: (a) Matsunaga, S.
Kimoshita, T.; Okada, S.; Harada, S.; Shibasaki, MAm. Chem. Soc.
2004,126, 7559. (b) Harada, S. Kumagai, N.; Kinoshita, T.; Matsunaga,
S.; Shibasaki, MJ. Am. Chem. So2003,125, 2582.
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While the furan7a gave excellent results, there was a
diminishment in the ee with the thiophene derivatiXie
which may derive from the thiophilicity of zinc. The anti
isomers of8a and8b can be isolated in 70 and 53% vyields,
respectively, and the dr's can be determined by isolation.
Thus, both five- and six-membered ring aromatic donors are
good partners.

Table 2 summarizes the variation of the nitroalkene (eq
3) using the standard conditions with 5 mol % of catalyst to
give the adduct8. In virtually every case, the dr’s are higher
than those of the 2-nitrostyrene case. Five-membered ring
heterocycles as well as ortho-substituted six-membered aryl
rings give good selectivities. Interestingly, even a conjugated
alkyne gave only the simple conjugate adduct with good
selectivity (entry 7).

NO, 5mol % 2a
entry 10

Table 1

Aer:)\/NOZ @)

OH

O
ArJ\/OH + Jl/

R

The relative stereochemistry being anti as drawn was
established by X-ray crystallography of the prod@ct The
absolute stereochemistry was established as shown in eq 4
by direct reduction to the amino didlO followed by
oxidative cleavage.

1} LAH
THF, 0° cat. RuCl,
61%
C NalO, HO. NHBoc (4)
2) Boc,O CCly, CHiCN
NaHCOg H0

1% 1

CHyCOCHg Hy0
lodp -64 (¢ 2.0 CHCly)

57%

This known 2-substitute@-amino acid 11 had a rotation
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Table 2. Variation of the Acceptdr Scheme 1. Proposed Catalytic Cycle
entry Ar R product yield® anti:syn® % ee
) anti
1 Ph 67)1 9a 69 (58)  5.3:1.0 90
\ /
2 Ph G/E 9b 86 (72)  5.1:1.0 89
\ 7
3 Ph 00“3‘% 9c 59 (46)  3.6:1.0 92
4 Ph Bno/\; 9d 70 (67) 22.3:1.0 90

5 o] 0. xY 9¢ 97 (67) 2.2:1.0 76
o T

6 O, % ch0-®-§ 9f 59 (46) 3.6:1.0 91
7 N §%§ 9g 80 (67) 5.2:1.0 87
8 O, & TRs= 9h 41 >99:1 90

9 o s BN} 9 56 (50)  8.3:1.0 91

10 9j 80 (67)  5.2:1.0
)

a All reactions were performed with 1.0 equiv of hydroxyketone and
1.1 equiv of nitroolefin in acetonitrile at5 °C with 5 mol % of catalyst
prepared from 5 mol % of ligandl, 5 mol % of (GHs)>Zn, and 5 mol %
of (C4Ho)2Mg. P Sum of isolated yields with isolated yield of major
diastereomer given in parentheseBetermined by isolation of anti and
syn isomers.

89

for the observed selectivity. This represents the first example

corresponding to th&-enantiomer as depicted. Thus, this Of a heterodinuclear complex with this ligand in an asym-
also serves as an asymmetric route to S@.dn']ino acids. metric Catalytic reaction. The reactions reported herein Only
These adducts also serve as a convenient intermediate fopeed equimolar ratios of reactants and reaction times of 18—
the asymmetric Synthesis of pyrro"dines' such 1&sas 42 hto generate a h|gh|y diffel’entially functionalized adduct

illustrated in eq 5. that permits selective manipulation of the functionalities. The
utility of the juxtaposition of the functionality is demonstrated
Hy (1 atm) Ph, OH by the one-step asymmetric synthesis of pyrrolidines. The
__PdC _ H‘ZT’H ) benefit demonstrated herein of using two different metals
CoHsOH, CH,Cl, ;”Ph with the chiral scaffoldl stimulates the broad exploration
91% g of various metals that may expand the scope of asymmetric

catalytic processes possible.

The stereochemistry is assigned as all cis based upon the

observed NOE effects of the three methine hydrogens (Figure Acknowledgment. We thank the National Science Foun-
1). dation for support of this work. S.H. thanks NSERC for

partial support as a NSERC Fellow.
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/—\ (PDF). This material is available free of charge via the
OH Internet at http://pubs.acs.org.
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) o (8) Ponsinet, R.; Chassaing, G.; Lavielle, T@trahedron: Asymmetry
Figure 1. NOE data for pyrrolidinel2. 1998, 9, 865.
(9) For some reviews, see: (@) Juaristi, EEImantioselective Synthesis
of f-Amino Acids; Wiley-VCH: New York, 1997. (b) Liu, M. L.; Sibi, M.
: . Tetrahedron2002, 58, 7991. (c) Park, K.-H.; Kurth, MTetrahedron
Scheme 1 proposes a catalytic cycle based upon the X'ralgooz, 58, 8629. (d) Sewald, NAngew. Chem., Int. E®003,42, 5794,

structure of the homodinuclear zinc compi&that accounts (10) Xiao, Y.; Wang, Z.; Ding, KChem.—Eur. J2005,11, 3668.
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